ABSTRACT Microtubule (MT)-binding centromere protein F (CENP-F) was previously shown to play a role exclusively in chromosome segregation during cellular division. Many cell models of CENP-F depletion show a lag in the cell cycle and aneuploidy. Here, using our novel genetic deletion model, we show that CENP-F also regulates a broader range of cellular functions outside of cell division. We characterized CENP-F +/+ and CENP-F -/-mouse embryonic fibroblasts (MEFs) and found drastic differences in multiple cellular functions during interphase, including cell migration, focal adhesion dynamics, and primary cilia formation. We discovered that CENP-F -/-MEFs have severely diminished MT dynamics, which underlies the phenotypes we describe. These data, combined with recent biochemical research demonstrating the strong binding of CENP-F to the MT network, support the conclusion that CENP-F is a powerful regulator of MT dynamics during interphase and affects heterogeneous cell functions.
INTRODUCTION
As might be expected from its multifaceted domain structure and its complex and dynamic localization, centromere protein F (CENP-F) function at the cellular level is diverse. Previous in vitro studies showed that loss of CENP-F or dominant-negative CENP-F expression results in mitotic delay and misaligned chromosomes (Liao et al., 1995; Chan et al., 1998; Hussein and Taylor, 2002; Holt et al., 2005; Yang et al., 2005) . Of interest, CENP-F was shown to have a number of functions during cellular interphase. CENP-F interacts with Hook2 at the centrosome, influencing cell shape (Moynihan et al., 2009) , with soluble N-ethylmaleimide-sensitive factor attachment protein receptor proteins regulating the vesicular transport pathway (Pooley et al., 2006 (Pooley et al., , 2008 , and plays an important role in interphase, regulating primary cilium length (Jodoin et al., 2013) . Recent findings show that CENP-F is required for redistribution of mitochondria (Kanfer et al., 2015) . At the organismal level, loss of function leads to seemingly diverse neurological and muscular diseases (Khairallah et al., 2012; Holth et al., 2013; Waters et al., 2015; Filges et al., 2016) . Human patients with CENP-F mutations present with ciliopathies and microcephaly, and CENP-F has been localized to the basal body of the cilia (Waters et al., 2015) . Cardiac-specific loss of CENP-F in the mouse embryo results in adult-onset dilated cardiomyopathy and death (Dees et al., 2012) . CENP-F overexpression has been used as a proliferation marker of various cancers (Clark et al., 1997; Rattner et al., 1997; Liu et al., 1998; Erlanson et al., 1999; Hui et al., 2005) . Autoantibodies against CENP-F are hallmarks of specific cancers (Rattner et al., 1997; Tschernatsch et al., 2005) , and CENP-F gene amplification is observed in squamous cell carcinomas (de la Guardia et al., 2001) . Thus CENP-F function has a broad and varied effect at the level of organelles, cells, organs, and the organism itself.
Although multiple laboratories have conclusively demonstrated that CENP-F has wide-ranging control of diverse functions, the critical effect of CENP-F loss of function on its most fundamental relationship-that with the microtubule (MT) network-has not been resolved. Determining the role of CENP-F in regulation of the MT across the cell cycle or in polyploidy (Supplemental Figure S1I ). There were, however, statistically significant differences in the proportion of CENP-F −/− cells in subG 0 , G 1 , and G 2 (Supplemental Figure S1I ). Finally, we were able to visualize individual MEFs dividing to demonstrate successful chromosomal segregation in CENP-F −/− MEFs (Supplemental Figure S1 , J-K′). Therefore, although cell division rate and polyploidy are unchanged with this specific model of loss of CENP-F function, there are changes within the cell cycle. Thus mutation of CENP-F did not result in cessation of the cell cycle or changes in DNA content, allowing us to further examine whether loss of CENP-F effects interphase cells. This is the first study of nontransformed primary cells from a model of genetic loss of CENP-F. Therefore the differences we see with the loss of CENP-F could be attributed to a number of variables, including genetic versus RNAi deletion of CENP-F, primary versus transformed cell lines, and complete versus incomplete deletion of protein. Although we demonstrated the complete loss of CENP-F, other differences among these models are important avenues for future investigation.
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CENP-F -/-MEFs exhibit multiple altered cellular characteristics in interphase
In comparing CENP-F +/+ and CENP-F −/− MEFs, we immediately recognized numerous and distinct differences related to interphase cellular activities. We chose to focus on specific aspects of cell biology: focal adhesions, cell migration, primary cilia formation, and microtubule dynamics. These cell functions play critical roles in development, disease, and cancer. Prior loss of CENP-F phenotypes suggests that these key aspects of cell biology may be altered. Therefore it was pertinent to investigate these systems in our genetic loss-offunction MEF model.
Cell migration
Dynamicity of MTs at the leading edge of migrating cells regulates directionally persistent migration (Petrie et al., 2009) Figure 1G ). In addition, generation and retention of lamellipodial extensions varied greatly in these cells. Whereas lamellipodia were established along the axis of migration in CENP-F +/+ cells, they appeared randomly and transiently around the circumference of CENP-F −/− cells (Supplemental Movie S1).
Focal adhesion dynamics
Directional migration is dependent in part on the ability of the cell to turn over integrin-based focal adhesions (FAs; Sastry and Burridge, 2000; Webb et al., 2002) . Of interest, MTs and FAs are intimately related, with MT dynamics playing an integral role in FA disassembly (Kaverina et al., 1999; Small et al., 2002; Ezratty et al., 2005) and directional migration (Kaverina and Straube, 2011 cells exhibit dramatic loss of directionally persistent migration, defects in focal adhesion disassembly and lamellipodial formation/retraction, change in cilia frequency, and loss of regulation of cell shape. Of interest, changes in mitotic activity and development of aneuploidy were not observed. Taking the results together, examining this specific genetic variation provides a molecular mechanism for mutation of CENP-F function and the foundation for analysis and intervention in various developmental and pathological abnormalities seen with disruption of this complex gene product.
RESULTS AND DISCUSSION
Mutation of CENP-F in this model does not alter cell division rate or result in aneuploidy
Our CENP-F −/− mice were generated by Cre recombination of floxed exons 1-5 of CENP-F (Dees et al., 2012) . It is therefore possible that exons 6-18 are still expressed and form a functional protein. To address this point, we first conducted serial PCR down the length of the CENP-F mRNA. We found that mRNA was still produced in CENP-F −/− mouse embryonic fibroblasts (MEFs) for exons 9-18 (Supplemental Figure S1A ). Deletion of the floxed region of CENP-F was confirmed with real-time (RT) PCR using primers against CENP-F mRNA, as well as slot blotting with an anti-CENP-F mouse monoclonal antibody, ELDA6 (Supplemental Figure S1 , A-D). To determine whether any CENP-F protein is generated from this truncated RNA, we completed immunofluorescence and Western blot analysis with antibodies generated against the domains other than the Nterminus of CENP-F (Supplemental Figure S1 , E-G). Immunofluorescence with anti-CENP-F antibody ab5 demonstrates that there is protein in the cytoplasm of CENP-F +/+ MEFs that is absent in CENP-F −/− MEFs (Supplemental Figure S1 , E and F). The ab5 was raised against the C-terminal portion of CENP-F. These data therefore suggest that no protein is made from the truncated mRNA. Western blot analysis of MEF lysates further supported this finding (Supplemental Figure S1G ). Blotting with D10, another anti-CENP-F antibody specific to the C-terminus, reveals a clear band in CENP-F +/+ lysates. No band is visible, however in the entire CENP-F −/− lysate lane (Supplemental Figure S1G) . We therefore conclude that no CENP-F protein is produced in our genetic knockout model.
Previous work reported that RNA interference (RNAi) knockdown of CENP-F results in mitotic delay and aneuploidy (Bomont et al., 2005; Holt et al., 2005; Yang et al., 2005; Feng et al., 2006) . Therefore we first wanted to determine whether the present model of loss of CENP-F gene function altered the rate of cell division in MEFs. After following cell proliferation rates for 144 h, we found that the CENP-F +/+ MEFs had a doubling time of 57 h, whereas CENP-F
−/−
MEFs doubled in 59 h, suggesting that the rates of division are statistically unchanged with mutation of CENP-F (p = 0.06; Supplemental Figure S1H ). Another predicted consequence of loss of CENP-F in MEFs is aneuploidy because CENP-F tethers chromosomes to kinetochore MTs (Bomont et al., 2005; Holt et al., 2005 MEFs ( Figure 2K ). Taken together, these data demonstrate altered focal adhesion dynamics in CENP-F −/− cells.
Ciliogenesis
Although numerous studies have focused on CENP-F function in mitosis, a relationship between CENP-F and cilia during interphase has been identified. CENP-F has been found localized to the base of the cilium (Waters et al., 2015) . Of importance, loss of CENP-F results in aberrant ciliary phenotypes (Jodoin et al., 2013; Waters et al., 2015; Filges et al., 2016) . Figure  3D ). These data suggest that with genetic loss of CENP-F before cilia formation, ciliogenesis fails to occur in a significant number of MEFs.
MT dynamics
With all of the evidence suggesting a change in the MT network, we next examined the distribution of MTs in MEFs. Whereas CENP- Given that loss of CENP-F causes major changes in a number of interphase functions dependent on microtubule dynamics, we with ImageJ, using the Mann-Whitney U test for statistical significance. FAs in CENP-F −/− MEFs were significantly larger (p = 0.001) and had slightly higher mean fluorescence (p < 5.1E-05) and higher total fluorescence (p < 5.6E-05) (Figure 2 , A-C).
To compare FAs more systematically, we used a reference cell approach. On plating of cells on a standardized fibronectin pattern, they take on identical shapes and can be compared using average fluorescence across many cells (Thery et al., 2006) . The crossbow pattern has been used to simulate a polarized, migrating cell pattern (Theisen et al., 2012) . MEFs were plated on a standardized crossbow pattern (Figure 2 side (Webster and Borisy, 1989; Li et al., 1996) . Indeed, this concentration of modi- 
CENP-F -/-MTs have impaired dynamics
Hyperstabilization of the MT network most often results from reduction in MT dynamics, visualized as stunting of growth and regression at MT plus ends (Gardner et al., 2012) . As shown here, loss of CENP-F function leads to hyperstabilization of the MT network. Alteration of MT dynamics would explain the phenotypes we have described.
To explore whether changes in MT dynamics occur with loss of CENP-F function, we imaged green fluorescent protein (GFP)-EMTB-transfected CENP-F +/+ and CENP-F −/− cells in real time. In agreement with previous reports in several cell systems (Altinok et al., 2007; Uchida et al., 2010; Garrison et al., 2012) postulated that altered MT dynamics might underlie this phenotype. Although CENP-F has not been associated with regulation of MT posttranslational modifications, the overall structure of the MT network in CENP-F −/− cells, especially with "swirling" MT extensions at the cell periphery, is suggestive of MT hyperstabilization (Liu et al., 2005a,b) . Posttranslational modifications, namely acetylation and proteolytic removal of the C-terminal tyrosine and glutamate residues, are hallmarks of long-lived, stable MTs (Webster et al., 1987; Infante et al., 2000) . Acetylated and detyrosinated MTs are typically found in the perinuclear region, where the oldest MTs re- directed cell migration. Directed migration is critical in development (Wei et al., 1996; Goodwin et al., 1999; Dees et al., 2012) and disease (Dees et al., 2012) , and revealing a potential role for CENP-F in directed movement might bring insight into such events. Of interest, loss of CENP-F function in the embryonic heart leads to defects in trabeculation (Dees et al., 2012) . Trabeculation-the inward growth of the ventricular wall-is dependent on myocyte migration through the burgeoning connective tissue space. Finally, CENP-F is a prognostic indicator for several cancers (Rattner et al., 1997; Tschernatsch et al., 2005; Dai et al., 2013; Aytes et al., 2014; Zhuo et al., 2015) . Knockdown of CENP-F has been linked to decreases in cancer cell migration and invasion in vitro (Nishikawa et al., 2015) . Thus understanding the essential role of CENP-F in regulation of directed cell movement through MT dynamics affects myriad issues in broad areas of embryogenesis, tissue repair, and cancer.
MTs affect cell migration not only directly through stabilization of the leading edge (Petrie et al., 2009 ) but also indirectly through their role in FA disassembly. Specifically, MTs go through lengthening and shortening cycles in order to target FAs (Kaverina et al., 1998) . Based on our findings of MT stabilization, it is likely that altered FA disassembly could also play a role in impairing cell migration. Our findings of larger Using this novel CENP-F model with the genetic loss of function, we were able to assay the function of CENP-F at the single-cell level. We found multiple disruptions in a variety of interphase activities; however, we did not find alteration in mitosis. The unifying feature behind all of the phenotypes we described, as well as in those in the literature, is the altered MT network. We are therefore presenting the first cell-biological evidence that CENP-F has a function tied to the destabilization of the MT network. With the identification of the effect of CENP-F on these novel yet basic cellular functions, we can now drill down to the molecular level and determine the mechanisms through which CENP-F functions in specific cellular processes in future studies.
Of importance, previous studies analyzing loss of CENP-F function clearly demonstrated delays in mitotic activity, misalignment of chromosomes, and multiple changes in functions related to the cytoplasm (Liao et al., 1995; Ashe et al., 2004; Holt et al., 2005; Soukoulis et al., 2005; Yang et al., 2005; Pooley et al., 2006 Pooley et al., , 2008 Varis et al., 2006; Vergnolle and Taylor, 2007; Moynihan et al., 2009 ), yet an underlying or unifying mechanism of disruption remains elusive. Here the dramatic changes in the overall structure of the cell and particularly in the MT network in interphase suggest broad and pervasive effects that influence all of these properties. Taken together, our data establish that loss of CENP-F function leads to increased presence of modified tubulin and hyperstabilization of the MT network. Given the broad importance of the MT network within cells, CENP-F has the potential to affect multiple cellular behaviors through its actions on the MT network.
The present data clearly demonstrate that loss of CENP-F results in major alterations in the interphase MT network. Knowing the key role of MTs in cell migration (Petrie et al., 2009) , we postulated that CENP-F −/− cells would have migration defects. Our studies strongly support the hypothesis that loss of CENP-F function results in loss of PCR validation of CENP-F mRNA expression was completed with a series of primers specific to different exons of CENP-F. Total RNA extraction was conducted with TRIzol and with the use of a Qiagen (Hilden, Germany) RNeasy Mini Kit (50) for MEFs for the extraction. The RNA concentration was obtained by using an Eppendorf Biophotometer. cDNA was synthesized from the total RNA using an Applied Biosystems (Foster City, CA) 200 reaction High Capacity cDNA Reverse Transcription Kit. RT-PCR was used as the manufacturer instructed. The 25-μl reaction system contained 8.5 μl of double-distilled H 2 O, 7.5 μl of MgCl 2 , 5 μl of 5× buffer, 0.5 μl of dNTP mixtures, 0.5 μl of Taq DNA polymerase, 0.5 μl of both primers beginning at the 3′ and 5′ ends of the selected sequence, and 2 μl f cDNA template. Two thermal cycling protocols were followed: one for primers A, C, D, and F-H, and a second protocol for primers B and E. The following primary thermal cycling protocol was used: 95°C, 4 min; 16 cycles of 95°C for 30 s, 65°C decreasing by 0.5°C every cycle for 30 s, 74°C for 1 min, followed by 15 cycles of 94°C for 30 s, 59°C for 30 s, 74°C for 1 min, and a final extension cycle of 74°C for 5 min. Secondarily, the thermal cycling protocol for primers B and E proceeded as follows: 95°C for 4 min, 16 cycles of 95°C for 30 s, 63°C decreasing by 0.5°C every cycle for 30 s, 74°C for 1 min, followed by 15 cycles of 95°C for 30 s, 58°C for 30 s, 74°C for 1 min, and a final extension cycle of 74°C for 5 min. After thermal cycling was completed, an agarose gel was used to visualize the presence or absence of bands.
The RT-PCR primers were as follows:
Primer A, exons 1-3: forward, AGTTTGAATCGCTCGTGCTG; reverse, CGCTTAAGTTCCTGTTCCAGTT.
Primer B, exons 2-5: forward, GCTCAGTTTACTTCTAAAT-GCTTTA; reverse, TTTTGCATGCAAAGCTTTAA.
Primer C, exons 6-8: forward, AAAGTGAGCCTGCCTGTTTC; reverse, CTCTTGAAGCTCCTTTTCTTTCTC.
Primer D, exons 9-11: forward, GAGCTGTCCCGACAGCATC; reverse, CCTTCATTTCTTCTGCAAAATTCT.
Primer E, exon 12: forward, CTAAGAATACCTCTCAGGAAATC; reverse, CTTATTTGCTTTCAAGCACA.
Primer F, exon 13: forward, GTTGTTCGGTGCCAAAACGAT; reverse, GGTTACATGGAAGGGATTCCAACT.
Primer G, exons 14-16: forward, GTTAGCACAATATCT-GGGAAGGAA; reverse, AACTCTGGAGATCCTGTCTGGAC.
Given our data and recent findings on the biochemical function of CENP-F, we propose that CENP-F acts to destabilize MTs. Multiple groups have found that CENP-F binds MTs with both carboxyand amino-terminal MT-binding domains (Musinipally et al., 2013; Volkov et al., 2015) . Of importance, CENP-F has even been shown to bind MTs as they are shrinking (Volkov et al., 2015) . These studies, taken with our findings, strongly suggest that CENP-F plays a critical role in destabilizing microtubules. Future studies can now focus on determining the specific molecular mechanism by which CENP-F regulates MT dynamics in specific interphase cellular functions.
Implications
Disruption of CENP-F function leads to developmental abnormalities and disease outcomes in diverse cell types and models. Work from several groups has clearly demonstrated that CENP-F is critical in multiple processes influencing mitosis and interphase function. One common feature in all of these outcomes is the influence of CENP-F on the MT network in regulating these diverse functions. Here our data reveal a novel in vitro cellular function, namely that CENP-F is a powerful destabilizing element of the MT network in interphase. Discovery of these diverse CENP-F-dependent interphase traits has broad implications for the established roles of CENP-F in regulation of mitosis, chromosome pairing, migration, intracellular transport, and cell shape in development, cancer, and disease.
MATERIALS AND METHODS
Mouse lines
Mice were previously described (Moynihan et al., 2009) ; CMV-CRE animals were used to generate control MEFs. Dams were monitored daily for the presence of a vaginal plug, with noon on the day of the plug noted as 0.5 dpc. Mice were maintained in accordance with protocols approved by the Vanderbilt University Institutional Animal Care and Use Committee.
MEF isolation
Primary MEFs were isolated from embyronic day 13.5 embryos using standard procedures. MEFs were isolated as described in Moynihan et al. (2009) . MEFs were used within three passages to avoid replicative senescence. Four independent yet interrelated methods were used to establish loss of N-terminal CENP-F DNA, RNA, and protein sequences. First, PCR analysis of genomic structure clearly demonstrated the predicted loss of CENP-F gene sequences (Dees et al., 2012; unpublished data) . Next, quantitative RT-PCR of CENP-F +/+ and CENP-F −/− MEF RNA showed complete loss of these sequences within the totality of mRNA expressed in knockout MEFs (Supplemental Figure S1A ). Finally, slot-(Supplemental Figure S1 , B and C) and Western (Supplemental Figure S1G) blotting analyses of these In reference cell migration assays, cells were plated and fixed on fibronectin crossbow micropatterns (CYTOO, Grenoble, France) and stained with vinculin antibody as described. Single images were taken as described. Cells that completely occupied micropatterns were stacked in ImageJ, and a reference cell was created for CENP-F +/+ and CENP-F −/− MEFs by averaging vinculin fluorescence in each stack and applying an ImageJ LUT.
All statistics were completed with a Student's t test with a 95% confidence interval unless otherwise specified.
FRAP
Cells were transfected with mCherry-Paxillin using FuGENE 6 at 48 h before imaging. Frames were acquired every 10 s for 10 min. A region of interest was set in a region containing FAs. A 1-s, 405-nm laser event was scheduled on the third frame. Movies were generated on the DeltaVision system at 40× magnification. Fluorescence intensity in bleached and nonbleached FAs was measured using ImageJ software. Bleached areas were normalized to nonbleached areas both prebleach and postbleach in order to obtain fluorescence recovery values. Data represent the fraction of fluorescence recovery in the bleached region. Immobile fraction, f i , was calculated from 
Cilia quantification
Cilia growth was established by culturing MEFs for 48 h in medium containing 0.5% FBS (Plotnikova et al., 2009) . Cilia number and length were quantified with ImageJ. Cilia frequency was determined by dividing the number of cells that contain a primary cilium by total number of cells.
Nocodazole treatment
NOC was diluted into dimethyl sulfoxide. Cells were treated with 0, 1, and 2.5 μg/ml for 2 h before analysis (Moynihan et al., 2009 ).
Quantification of MT array asymmetry
MT array asymmetry was quantified as previously described . Representative images are shown.
Antibodies
Cells were fixed for 10 min at room temperature in 2% paraformaldehyde with 0.25% Triton X-100 before antibody labeling: DM1A: mouse monoclonal (ab7291; Abcam). Primer H, exons 17 and 18: forward, GGTTTGCTGACA-TCCCAACTG; reverse, TACATATGGGAGACCTGAGCACC.
Western and slot blotting
Slot blotting was conducted according to Moynihan et al. (2009) using appropriate Odyssey secondary antibodies (Licor, Lincoln, NE) and imaging (Pierce).
For Western blot, pelleted CENP-F +/+ and CENP-F −/− MEFs were solubilized in Laemmli sample buffer in the presence of protease inhibitors. Equivalent amounts of extracts were run on 3-8% SDS gels using standard methodologies (Lim et al., 2004) and transferred to nitrocellulose paper in the presence of 20% methanol, 10 mM β-mercaptoethanol, and 0.1% SDS. Blots were washed with phosphate-buffered saline (PBS) and blocked with 5% bovine serum albumin (BSA) in PBS for 1 h, followed by a 1-h incubation with anti-CENP-F antibody D10 (kindly provided by Tim Yen, Fox Chase Cancer Center, Philadelphia, PA) diluted 1:3000 in 5% BSA/PBS. Blots were washed in PBS with 0.1% Triton X-100, followed by reaction with goat anti-mouse (IRDye 800CW; Li-Cor) and similar washing for imaging on an Odyssey system. Controls for loading equivalence were conducted under similar conditions with anti-tubulin antibody DM1A (Abcam, Cambridge, UK).
Flow sorting
MEFs were fixed in 70% ethanol in a single-cell suspension of 500,000 cells in 500 μl, washed in PBS, and stained with propidium iodide/Triton X-100 solution with RNase at 4°C overnight. Samples were then analyzed for nuclear content at the Vanderbilt University Flow Cytometry Core. Replicates were run in triplicate.
Quantification of proliferation ((3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay)
For the quantification of cell proliferation, we used the CellTiter 96 AQueous One Solution Cell Proliferation Assay (Promega, Madison, WI). CENP-F +/+ and CENP-F −/− cells were plated at a density of 5000 cells per 200 μl of medium in three 96-well plates. Cells were incubated at 37°C overnight. At 24, 96, and 144 h, one 96-well plate was removed from the incubator, and 20 μl of CellTiter Reagent was added and incubated for 2 h. Absorbance was read at 490 nm using a plate reader. Data were analyzed against a standard curve to determine the rate of cell proliferation.
Imaging
To investigate migration movies, cells were plated on 1 μg/ml fibronectin on MatTek dishes, and DIC images were acquired at 1-min intervals on a DeltaVision system (Applied Precision) at the Vanderbilt University Epithelial Biology core. These movies were analyzed for distance and velocity using ImageJ Cell Tracker software. Directional persistence was then calculated by dividing the total displacement by the distance traveled and is presented on a scale of 0-1, where 0 is random movement and 1 is movement in a straight line (Benesh et al., 2013) .
MT dynamics movies frames were acquired every 3 s for 2 min on the DeltaVision system at 100× magnification. CENP-F +/+ and CENPF −/− cells were transfected with 0.5 μg of 3xGFP-EMTB (plasmid 26741; Addgene) using FuGENE 6 (Promega) according to standard protocols. Images showing dynamic movie pixels were created by projecting pixel differences between movie frames using an ImageJ macro available at rsb.info.nih.gov/ij/macros/ Slice-to-Slice%20Difference.txt.
For quantification of FAs, fixed MEFs on glass coverslips were blocked in 5% goat serum and 1% BSA for 1 h at room temperature.
Vinculin (ab18058; Abcam).
Alexa Fluor 488-phalloidin (A12379; Invitrogen, Carlsbad, CA).
Anti-CENP-F (ab5; Abcam): rabbit polyclonal antibody raised against the carboxy terminus of CENP-F.
Anti-CENP-F antibody D10 (from Tim J. Yen). The epitope for this antibody is within the C-terminal domain of CENP-F (Liao et al., 1995) . ELDA6: new mouse monoclonal antibody generated and characterized in our laboratory. The epitope for this antibody resides within amino acids 134-187 in the N-terminal domain of murine CENP-F (E. Pfaltzgraff, E. Mace, J. Schultz, K. Compton, Z. Shancer, and D. Bader, unpublished data).
DAPI or TOPRO was used to visualize DNA.
